INTRODUCTION PROJECT PATHFINDER OVERVIEW
American l e a d e r s h i p on t h e space f r o n t i e r r e q u i r e s aggressive programs i n technology development. Technological advance w i l l be c r i t i c a l t o programs f o r f u t u r e space e x p l o r a t i o n missions (Ref. 1 ) . These missions may i n c l u d e an i n t e n s i v e study o f t h e Earth, a r e t u r n t o t h e Moon, p i l o t e d missions t o Mars, and t h e c o n t i n u i n g r o b o t i c e x p l o r a t i o n o f t h e S o l a r System (Ref. 2 ) . The technologies needed f o r success i n these ventures a r e many and varied. The N a t i o n a l Aeronautics and Space A d m i n i s t r a t i o n (NASA), r e c o g n i z i n g t h a t i t must i n t e n s i f y and broaden t h e scope o f i t s research and technology program t o p r o v i d e t h e range o f t e c h n i c a l o p t i o n s and evaluate t e c h n o l o g i c a l readiness i n s e l e c t areas t o enable f u t u r e space e x p l o r a t i o n missions, i s i n i t i a t i n g P r o j e c t P a t h f i n d e r .
P r o j e c t P a t h f i n d e r i s a research and technology i n i t i a t i v e which w i l l strengthen t h e technology base o f t h e United States c i v i l space program i n p r e p a r a t i o n f o r f u t u r e space e x p l o r a t i o n missions. P a t h f i n d e r i s a long-term program o f b o t h research and demonstrations which begins i n F i s c a l Year 1989.

I t i o managed by t h e NASA O f f i c e o f Aeronautics and Space Technology (OAST)
and has t h e goals t o advance a c o l l e c t i o n o f c r i t i c a l technologies f o r f u t u r e space missions and t o ensure technology readiness f o r f u t u r e n a t i o n a l d a t l s i o n s r e g a r d i n g e x p l o r a t i o n o f t h e S o l a r System (Ref. 
t i o n t h r u s t w i l l p r o v i d e t h e c r i t i c a l technologies needed f o r g a t h e r i n g s c i e n t i f i c and engineering d a t a f o r r o b o t i c and p i l o t e d missions t o t h e Moon
, Mars and o t h e r p l a n e t s i n t h e S o l a r System. Technologies needed f o r E a r t h -o r b i t s t a g i n g and operations, as w e l l as p l a n e t a r y operations, w i l l be provided i n t h e In-Space Operations t h r u s t . The Humans-in-Space Thrust w i l l p r o v i d e technology and understanding needed t o ensure s a f e and p r o d u c t i v e human space e x p l o r a t i o n missions. F i n a l l y , t h e Space T r a n s f e r t h r u s t w i l l p r o v i d e c r i t i c a l technology f o r t r a n s p o r t a t i o n t o , and r e t u r n from, t h e Moon, Mars, and o t h e r p l a n e t s i n t h e S o l a r System, as w e l l as f o r r e l i a b l e and c o s t -e f f e c t
i v e E a r t h -o r b i t o p e r a t i o n s (Ref 4 ) .
Chemical T r a n s f e r Propulsion i s a key element o f t h e Space T r a n s f e r t h r u s t and w i l l p r o v i d e t h e technology f o r high-performance, l i q u i d o x y g e d l i q u i d hydrogen expander c y c l e engines f o r space-based t r a n s f e r v e h i c l e s , as w e l l as f o r Lunar and Mars landers.
CHEMICAL TRANSFER PROPULSION PROGRAM OVERVIEW
MISSION STUDIES AND TECHNOLOGY REQUIREMENTS
I n i t s r e p o r t t o NASA i n 1987, t h e Committee on Advanced Space Technology o f t h e N a t i o n a l Research Council recommended t h a t advanced p r o p u l s i o n technologies f o r f u t u r e space missions be a f f o r d e d t h e h i g h e s t p r i o r i t y o f RLD a c t i v i t y w i t h i n NASA. Recognizing t h a t p r o p u l s i o n i s a pacing i t e m f o r f u t u r e space e x p l o r a t i o n missions, t h e committee suggested t h a t NASA pursue a s t r o n g program l e a d i n g t o t h e design and development o f reusable cryogenic and l o n g e v i t y (Ref. 5) . The NASA O f f i c e o f Aeronautics and Space Technology has responded w i t h t h e Chemical T r a n s f e r Propulsion element o f P a t h f i n d e r , which w i l l p r o v i d e t h e technology necessary t o c o n f i d e n t l y proceed w i t h t h e development o f h i g h performance l i q u i d oxygen/liqufd hydrogen expander c y c l e engines f o r f u t u r e space e x p l o r a t i o n missions, as w e l l as t o f u l f i l l t h e o r b i t t r a n s f e r r o l e i n E a r t h space. I t r a n s f e r v e h i c l e engines w i t h f e a t u r e s o f f a u l t t o l e r a n c e , h i g h r e l i a b i l i t y NASA's p l a n n i n g f o r f u t u r e e x p l o r a t i o n o f t h e s o l a r system i n c l u d e s unmanned ( p r e c u r s o r ) and manned missions t o Mars and i t s moons, as w e l l as a resumption o f manned missions t o t h e Moon t o e s t a b l i s h Lunar o b s e r v a t o r i e s . A p o r t i o n o f t h e c o s t f o r these missions depends on launch v e h i c l e and o n -o r b i t f u e l requirements. One o f t h e keys t o reducing c o s t i s t o minimize t h e p r o p e l l a n t mass i n low-Earth o r b i t r e q u i r e d t o achieve a t r a n s f e r t r a j e c t o r y , t o accomplish o r b i t i n s e r t i o n , t o e f f e c t a p l a n e t a r y landing, and t o r e t u r n t o Earth. Launch o f t h e many m i l l i o n s o f pounds r e q u i r e d f o r v i r t u a l l y a l l f u t u r e space e x p l o r a t i o n m i s s i o n scenarios may be a f f o r d a b l e o n l y i f advanced p r o p u l s i o n systems can be made a v a i l a b l e (Ref. 5) . Reduced p r o p e l l a n t requirements i n o r b i t t r a n s l a t e t o s u b s t a n t i a l c o s t savings because fewer E a r t h -t o -o r b i t v e h i c l e launches a r e r e q u i r e d t o accomplish t h e mlssion. For example, i n t h e case o f a manned Mars mission, an increase o f 35 seconds o f engine s p e c i f i c impulse saves t h e c o s t o f a t l e a s t two E a r t h -t o -o r b i t v e h i c l e launches. f n -o r b i t p r o p e l l a n t mass requirements i s t h e development o f high-performance chemical t r a n s f e r engines.
A key enabling technology t o g r e a t l y reduce Another key t o reduced c o s t i s t o develop reusable t r a n s f e r stages t h a t a r e based i n and operated from low-Earth o r b i t , a r e operated i n low-Earth o r b i t (LEO) t o geosynchronous o r b i t (GEO) space, and a r e used i n t h e e x p l o r a t i o n missions. Technologies t h a t w i l l enable automated i n -o r b i t o p e r a t i o n (such as r e f u e l i n g , maintenance, s e r v i c i n g , and p r e f l i g h t systems checkout, as w e l l as f a u l t -t o l e r a n t i n -f l i g h t o p e r a t i o n ) a r e c r i t i c a l t o t h e successful development and use o f space-based v e h i c l e systems. I n t e g r a t e d c o n t r o l s and h e a l t h m o n i t o r i n g systems w i l l be r e q u i r e d f o r such f a u l t t o l e r a n t engines which w i l l be r e p e a t e d l y operated and maintained i n space. Table I . Requirements f o r these p r o p u l s i o n systems i n c l u d e : 1 ) f a u l t t o l e r a n c e and h i g h r e l i a b i l i t y , 2) space basing, l o n g l i f e , and space m a i n t a i n a b i l i t y , 3 ) man r a t i n g , 4) r e u s a b i l i t y , r e s t a r t c a p a b i l i t y , and checkout b e f o r e reuse, 5) d i a g n o s t i c c a p a b i l i t y ( i n t e g r a t e d c o n t r o l s and h e a l t h m o n i t o r i n g ) , and 6) some l e v e l o f o n -o r b i t assembly.
TECHNOLOGY ASSESSMENT
The o n l y upper stage l i q u i d o x y g e n / l i q u i d hydrogen expander c y c l e engine c u r r e n t l y i n o p e r a t i o n i s t h e RLlO engine which was developed and c e r t i f i e d i n t h e l a t e 1950's and e a r l y 1960's. Two RL10A-3-3A engines a r e used on t h e expendable A t l a s Centaur v e h i c l e . The RL10A-3-3A i s a r e g e n e r a t i v e l y cooled, turbopump-fed r o c k e t engine t h a t weighs approximately 310 pounds and produces a r a t e d vacuum t h r u s t o f 16,500 pounds (Ref. 7). With a chamber pressure o f 465 psia, t h e engine d e l i v e r s moderate performance (444.4 seconds s p e c i f i c impulse a t m i x t u r e r a t i o o f 5 : l u s i n g a 61:l area r a t i o nozzle), has l i m i t e d t h r o t t l i n g c a p a b i l i t y ( w i t h s i g n i f i c a n t performance p e n a l t i e s ) and no on-board d i a g n o s t i c s . v e h i c l e s . Mission-focused components i n t e g r a t e d i n t o a focused-technology t e s t bed engine t o demonstrate t h e h i g h performance, l i q u i d o x y g e n / l i q u i d hydrogen expander c y c l e engine system technology t h a t i s t o be t h e b a s i s f o r f u t u r e space engine development ( 4 ) Results o f p r o p u l s i o n s t u d i e s conducted t o d e f i n e f i r m p r o p u l s i o n requirements and t o t r a d e p r o p u l s i o n system performance, c o n f i g u r a t i o n , o p e r a t i n g c h a r a c t e r i s t i c s , and t h e a t t r i b u t e s t h a t a r e key t o long-term space t r a n s p o r t a t i o n i n f r a s t r u c t u r e s (space-basing, reuse, man-ratlng, f a u l t t o l e r a n c e )
TECHNICAL APPROACH A t t h e present t i m e , f u t u r e space e x p l o r a t i o n m i s s i o n scenarios have n o t been d e f i n e d t o a p o i n t where f i r m p r o p u l s i o n requirements e x i s t . However, technology goals f o r an advanced l i q u i d o x y g e n / l i q u i d hydrogen space engine which support t h e range o f f u t u r e m i s s i o n o p t i o n s a r e presented i n Table 111 . The major t e c h n i c a l issues f o r an advanced l i q u i d o x y g e n / l i q u i d hydrogen expander c y c l e engine which w i l l be addressed i n t h e Chemical T r a n s f e r Propul s i on Program a r e :
( 1 ) High performance:
High performance engine o p e r a t i o n (Goal o f 490 lbf-sec/lbm vacuum s p e c i f i c impulse) ( 2 ) Deep t h r o t t l i n g :
Continuous and s t a b l e engine o p e r a t i o n from r a t e d t h r u s t t o perhaps 5% (20:l vacuum t h r u s t t h r o t t l i n g r a t i o ) w i t h minimum performance l o s s ( 3 ) Reusability:
S p e c i f i c a t i o n s o f t h e number o f s t a r t s and t h e number o f hours o f o p e r a t i o n a l l i f e , as w e l l as t h e number o f s t a r t s and hours o f s e r v i c e -f r e e l i f e a r e t o be e s t a b l i s h e d ; p r e l i m i n a r y assessments are: 500 s t a r t s / 2 0 hours o p e r a t i o n a l l i f e , 100 s t a r t s / 4 hours s e r v i c e f r e e l i f e ( 4 ) Space Basing:
Modular engine design f o r space maintenance, o p e r a t i n g c h a r a c t e r i s t i c s and d i a g n o s t i c s and techniques t h a t f a c i l i t a t e long-term storage and operations i n space ( 5 ) F a u l t t o l e r a n c e : F a u l t t o l e r a n c e i n t h e " c l a s s i c a l " sense: t h e p r o p u l s i o n system s h a l l t o l e r a t e a given number o f f a i l u r e s w i t h o u t causing a hazard, o r f a i l o p e r a t i o n a l / f a i l s a f e (as an a d d i t i o n a l requirement, t h e system s h a l l t o l e r a t e o f f -d e s i g n o p e r a t i o n o f some combinations o f components i n a way t h a t maintains system d u r a b i l i t y t o a l l o w completion o f t h e mission) ( 6 ) Man r a t i n g High r e l i a b i l i t y ; redundancy o f a l l c r i t i c a l systems; design and o p e r a t i o n a l safety; proven design standards; enable safe haven o r r e t u r n
The t e c h n i c a l approach t o be used i n t h e Chemical T r a n s f e r Propulsion Program i s summarized i n F i g u r e 3 . 
The focused advanced engine components emerging from these e f f o r t s w i l l be i n t e g r a t e d i n t o a focused-technology t e s t bed engine. T h i s engine system w i l l be t e s t e d t o complete Level 6 o f technology readiness. MANAGEMENT 
PLAN
OVERVIEW
The Chemical T r a n s f e r Propulsion Program i s a focused technology program l e a d i n g t o technology demonstrations o f an advanced l i q u i d o x y g e n / l i q u i d hydrogen expander c y c l e engine system and engine components. The e x t e n s i v e v a r i e t y o f work being performed i n t h e program r e q u i r e s a management approach which i s t a i l o r e d t o c o o r d i n a t i n g and i n t e g r a t i n g t h e v a r i o u s work a c t i v i t i e s . The management system must ensure achievement o f planned accomplishments, e f f e c t i v e r e p o r t i n g and c o n t r o l , and p e r m i t prompt r e p l a n n i n g i f required. The work breakdown s t r u c t u r e , management s t r u c t u r e , program c o o r d i n a t i o n , p l a n n i n g and documentation, r e p o r t i n g , and a d v i s o r y groups f o r t h e Chemical T r a n s f e r Propulsion program a r e described i n t h i s s e c t i o n .
WORK BREAKDOWN STRUCTURE
The Chemical T r a n s f e r Propulsion program i s d i v i d e d i n t o t h r e e major research areas which a l l o w s work t o be focused i n c r i t i c a l areas and provides a f l o w mechanism f o r r a i s i n g t h e technology t o h i g h e r l e v e l s o f hardware d e f i n i t i o n , l e a d i n g t o t h e eventual t e s t i n g o f an advanced l i q u i d o x y g e n / l i q u i d hydrogen expander c y c l e focused-technology t e s t bed engine i n t h e l a t e 1990's. The major work packages are; (1) Propulsion Studies ( 2 ) Mission-Focused Technologies and ( 3 ) Engine Systems Technologies. F i g u r e 4 i l l u s t r a t e s t h e t o p -l e v e l work breakdown s t r u c t u r e elements. The work flows from one element t o t h e succeeding one. The p r o p u l s i o n s t u d i e s w i l l generate p r o p u l s i o n requirements t o guide t h e s e l e c t i o n o f mission-focused technologies. Advanced engine subcomponents and components emerging from t h e
i s t o t h e Program Manager f o r P a t h f i n d e r as t o t h e s t a t u s , problems and accomplishments o f t h e program.
The NASA Lewis Research Center (LeRC) w i l l be t h e l e a d c e n t e r f o r t h e Chemical T r a n s f e r Propulsion Program. As t h e l e a d center, LeRC w i l l assume f u l l r e s p o n s
i b i l i t y o f a c h i e v i n g t h e goals and o b j e c t i v e s o f t h e program, as w e l l as f o r i n t e g r a t i n g n e x t -t i e r assignments i n t h e program b o t h w i t h i n LeRC and a t p a r t i c i p a t i n g Centers.
The Lewis Research Center w i l l p l a n and i n t e g r a t e Chemical T r a n s f e r 2 ) m a i n t a i n i n g and r e p o r t i n g schedules, 3) planning, disbursement and t r a c k i n g of resources, and 4 ) f a c i l i t y p l a n n i n g as r e q u i r e d .
Propulsion a c t i v i t i e s and execute some p o r t i o n of t h a t p l a n w i t h i n t h e Center. A P r o j e c t Manager l o c a t e d a t LeRC w i l l be t h e f o c a l p o i n t o f a l l f i e l d i n s t a l l a t i o n a c t i v i t y bearing d i r e c t l y on t h e Chemical T r a n s f e r Propulsion Program and w i l l be e x c l u s i v e l y r e s p o n s i b l e f o r t h e execution o f t h e program. I n essence, t h e P r o j e c t Manager w i l l be r e s p o n s i b l e f o r t h e day-to-day s u p e r v i s i o n and t h e execution o f t h e program as c a r r i e d o u t by i n d u s t r i a l c o n t r a c t o r s , f i e l d i n s t a l l a t i o n personnel, and u n i v e r s i t y p a r t i c i p a n t s . These r e s p o n s i b i l i t i e s i n c l u d e : 1 ) t e c h n i c a l planning,
The Chemical T r a n s f e r Propulsion Management S t r u c t u r e i s d e p i c t e d i n F i g u r e 5. (4) l i f e , r e l i a b i l i t y and r e u s a b i l i t y requirements and ( 5 ) design c r i t e r i a f o r in-space engine o p e r a t i o n and maintenance. 
PROGRAM COORDINATION The LeRC P r o j e c t Manager w i l l be k e p t informed and w i l l c o o r d i n a t e i n f o r m a t i o n w i t h t h e O f f i c e o f E x p l o r a t i o n (OEXP), and t h e O f f i c e o f Space F l i g h t (OSF), t o assure t h a t f u t u r e space v e h i c l e requirements guide p r o p u l s i o n technology e f f o r t s w i t h i n t h e Chemical T r a n s f e r P r o p u l s i o n program. OEXP w i l l d e f i n e scenarios f o r f u t u r e , human e x p l o r a t i o n missions i n t h e S o l a r System. OSF w i l l e s t a b l i s h space v e h i c l e requirements f o r these f u t u r e space e x p l o r a t i o n missions, which w i l l guide t h e development o f p r o p u l s i o n technologies. Mission and v e h i c l e d e f i n i t i o n w i l l be i m p o r t a n t i n determining p r o p u l s i o n system c h a r a c t e r i s t i c s such as; (1) minimum performance requirements, ( 2 ) t h r u s t l e v e l , ( 3 ) t h r o t t l i n g requirements,
W i t h i n OAST, c o o r d i n a t i o n w i l l be maintained w i t h the p r o p u l s i o n R&T Base program, as a p p l i c a b l e t o chemical t r a n s f e r p r o p u l s i o n technologies. E x t e r n a l t o OAST, c o o r d i n a t i o n w i l l a l s o be maintained w i t h t h e Department o f Defense
expander c y c l e p r o p u l s i o n technologies through component, subsystem and system hardware demonstrations. Work i n t h e Base R&T program over t h e p a s t several years has been d i r e c t e d towards e s t a b l i s h i n g engine design concepts capable o f meeting expected m i s s i o n requirements and pursuing c r i t i c a l technology advances necessary t o achieve performance, l i f e , and o p e r a t i o n a l goals. Advanced design concepts and a n a l y t i c a l methods have a l s o been developed u s i n g l a b o r a t o r y and s p e c i a l l y designed t e s t equipment. The Chemical T r a n s f e r Propulsion program w i l l b u i l d on t h e R&T Base by moving p r o g r e s s i v e l y through f u l l -s c a l e component, subsystem, and system l e v e l v a l i d a t i o n s and demonstrations. Propulsion s t u d i e s , m i s s i o n focused technology e f f o r
t s , and engine system technology e f f o r t s w i l l be conducted, l e a d i n g t o t h e t e s t i n g o f a h i g h performance l i q u i d o x y g e n / l i q u i d hydrogen expander c y c l e engine w i t h m i s s i o n focus. The o b j e c t i v e s and o v e r a l l t e c h n i c a l approach f o r each o f these t h r e e elements a r e described i n t h e f o l l o w i n g s e c t i o n s . TECHNOLOGY READINESS OBJECTIVES
The technology readiness l e v e l o f t h e l i q u i d o x y g e n / l i q u i d hydrogen expander c y c l e engine, as t h e Chemical T r a n s f e r Propulsion program i s i n i t i a t e d i n F i s c a l Y e a r 1989, can be considered Level 3, as shown i n Table  11 . Key components and r e l a t e d component a n a l y t i c a l models f o r h i g h performance l i q u i d o x y g e n / l i q u i d hydrogen expander c y c l e engines, such as pumps, t u r b i n e s , t h r u s t chambers and h e a l t h m o n i t o r i n g devices, have been designed, fabricated and tested f o r proof-of-concept in t h e Base R&T program over t h e p a s t several years. With t h i s as a s t a r t i n g p o i n t , t h e Chemical T r a n s f e r Propulsion program w i l l design, f a b r i c a t e , and t e s t components based on these proof-of-concept designs. These components w i l l be t e s t e d i n component t e s t stands t o determine expected performance and v a l i d a t e a n a l y s i s and design methodologies.
When t h e technology readiness i s be e l e v a t e d t o Level 4, t h e components w i l l be i n t e g r a t e d i n t o a t e s t bed engine f o r system c h a r a c t e r i z a t i o n t e s t i n g . Advanced engine components emerging from t h e Mission-Focused Technology element w i l l be i n t e g r a t e d w i t h t h e t e s t bed engine t o form a focused-technology t e s t bed and e l e v a t e technology readiness t o Level 5. System v a l i d a t i o n o f hardware and a n a l y s i s concepts w i l l be conducted i n t h e focused-technology t e s t bed i n a simulated space environment t o complete Level 6 o f technology readiness. A t t h i s p o i n t i n t h e program, i n t h e l a t e 199O's, t h e goals and o b j e c t i v e s of t h e Chemical T r a n s f e r Propulsion program w i l l be ,met. development program. 
t i v e s f o r t h i s element a r e t o support t h e m i s s i o n / v e h i c l e s t u d i e s by OEXP and OSF and t o implement t h e r e s u l t s o f t h e m i s s i o n v e h i c l e s t u d i e s i n t o t h e Chemical Transfer Propulsion Program.
Del i v e r a b l es a r e :
(1 ) Engine parametric data packages FY89
( 2 ) Special engine parametric data packages FY90
.I" Test Bed engine t h a t i s scheduled f o r 1994. This technology w i l l complement t h e r e s u l t s o f t h e e a r l i e r engine technology from t h e OTV e f f o r t . Wission-Focused Technologies w i l l i n c l u d e those issues t h a t have n o t y e t been defined; b u t a r e size, mission, and c y c l e s p e c i f i c . These issues a r e n o t being covered i n t h e e a r l y engine technology e f f o r t b u t w i l l be d e f i n e d as a r e s u l t o f ongoing p r o p u l s i o n s t u d i e s .
The
Technical Approach. The t e c h n i c a l approach w i l l be t o d e f i n e those technology issues t h a t a r e s p e c i f i c t o a space-based, man-rated, reusable, f a u l t -t o l e r a n t , l i q u i d o x y g e n / l i q u i d hydrogen expander-cycle engine t h a t w i l l be used f o r f u t u r e space e x p l o r a t i o n . D e f i n i t i o n w i l l come from the propulsion studies. They will be the thrust level, throttleability range, mixture-ratio range, and size envelope. Where these aspects can not be defined, a broad range of values will be pursued. Up-dating of the configuration and cycle candidates will also be results of the propulsion studies. With this narrowing of configurations, the technology issues specific to these configurations will be identified.
Once identified, these technology issues will be pursued both as individual components, and as sub-systems in a series of proof-of-concept tasks (Level 3). These tasks would lead next to the component validation work at Level 4, and ultimately to the test bed engine demonstration work at Level 5. V a l i d a t e t h e h i g h pressure, h i g h performance expander c y c l e concept a t t h e engine system l e v e l I n v e s t i g a t e engine system i n t e r a c t i o n s , t r a n s i e n t s , and dynamics and what e f f e c t they have on mission-focused component designs I n v e s t i g a t e engine c o n t r o l f u n c t i o n s and h e a l t h m o n i t o r i n g techniques t o h e l p d i r e c t t h e mission-focused technology e f f o r t s V e r i f y engine system design and a n a l y s i s methodologies As advanced components emerge from t h e Mission-Focused Technologies e f f o r t s they w i l l be i n t e g r a t e d i n t o t h e t e s t bed engine f o r system l e v e l t e s t i n g . I n t h i s manner, t h e 1989-technology t e s t bed engine w i l l evolve i n t o l a focused-technology t e s t bed engine i n t h e 1994-1996 t i m e p e r i o d .
Schedule of Milestones and
I TECHNOLOGY TRANSFER PLAN ~
The e f f e c t i v e t r a n s f e r o f p r o p u l s i o n technologies from t h e research c e n t e r t o t h e development c e n t e r where t h e technology w i l l e v e n t u a l l y be developed i n t o o p e r a t i o n a l systems f o r f u t u r e space t r a n s f e r missions i s recognized as a major goal o f t h e Chemical T r a n s f e r Propulsion Program. Planning f o r t h e t r a n s i t i o n o f Chemical Transfer Propulsion technology t o advanced development i n p r e p a r a t i o n f o r implementation i n v o l v e s b o t h Headquarters and t h e f i e l d centers. 
